ABSTRACT-The effect of morphine on the binding of 3H-nitrendipine was studied in rat hippocampal preparations. Treatment of slices with morphine followed by the preparation of membrane fractions revealed the presence of low affinity binding sites. The effect of morphine was antagonized by naloxone. The effect was not observed when the membrane fraction was incubated with morphine. These results suggest that morphine changes the affinity of calcium for its channels and reduces its influx.
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A major pharmacologic effect of morphine would be the overall depression of the central nervous system, with analgesia being the most predominant characteristic. The reduction of the calcium influx into nerve terminals is likely to be one of the causes of this effect. This is supported by the antagonistic action of cal cium on morphine analgesia (1 3). We pre viously demonstrated that the binding of 3H nitrendipine, a calcium antagonist, to mem brane fractions increases following prolonged administration of morphine (4, 5) . This indi cates that morphine affects the dihydropyri dine sensitive calcium channel, thereby reduc ing the influx of calcium. In the present study, it was found that acute treatment of hippo campal slices with morphine reveals the low affinity binding sites for 3H-nitrendipine, which might result in a reduction of calcium influx. Since much data on the mechanism of opioid action were obtained with hippocampal preparations (4, 6, 7), they were also em ployed in the present study.
Male Sprague-Dawley rats were killed by decapitation, and their brains were quickly re moved and placed in ice-cold Krebs-Ringer solution (composition: 124 mM NaCl, 5 mM KCI, 1.24 mM KH2PO4, 1.3 mM MgSO4, 2.6 mM CaCl2, 26 mM NaHCO3 and 10 mM glu cose). Parasagittal slices containing the hippo campus were cut at a thickness of 300 ,u m (4). Hippocampi were separated, and they were in cubated with morphine (10--4 M) or with mor phine (104 M) plus naloxone (105 M) in Krebs-Ringer solution for 5 min at 35°C. The slices were homogenized with 10 vol. of 0.32M sucrose. The homogenate was centrifuged at 900 X g for 10 min. The supernatant was cen trifuged at 11,500 X g for 30 min, and the re sultant pellet was disrupted by suspending it in 10 vol. of 10 mM Tris-HCI buffer (pH 7.4).
Crude synaptic membranes were obtained after centrifugation at 11,500 X g for 30 min.
For the 3H-nitrendipine binding experiment, the crude synaptic membranes were suspended in 50 mM Tris-HC1 buffer (pH 7.4). Membrane suspensions were incubated with 3H -nitrendipine (100-1500 PM 3H-nitrendi pine: 70.0 Ci/mmol, NEN) at 25°C for 90 min in 2 ml of 50 mM Tris-HC1 buffer (pH 7.4) in the presence and absence of 106 M nifedi pine (4, 5) . The reaction was terminated by filtering the incubation medium through What mann glass filters (GF/F). The filters were then washed three times with 5 ml of ice-cold incubation medium and the radioactivity was counted in a liquid scintillation counter. The differences in the amount of 3H-nitrendipine bound in either the presence or absence of 106 M nifedipine were designated as specific 3H -nitrendipine binding . KD and Bmax values were determined by subjecting the data to a non-linear least square regression analysis us ing the SIMPLEX program from the library of Osaka University. For the differentiation be tween single and two site models, the F-test (8) was employed.
The 3H-nitrendipine binding to hippocampal membranes, was characterized by a single component having KD and Bmax values of 0.49 nM and 121 fmol/mg protein, respectively (Fig. 1) . Morphine (104 M) had no effect on the 3H-nitrendipine binding to membrane frac tions prepared from hippocampal slices. Pre treatment of the membranes with morphine followed by the incubation with 3H-nitrendi pine also failed to affect the binding (data not shown). However, treatment of slices with morphine followed by the preparation of membrane fractions revealed the low affinity binding sites for 3H-nitrendipine. Morphine at the concentration of 105 M hardly affected the binding. Inclusion of 10-5 M naloxone antagonized the effect of morphine.
In the course of the experiments, we observed that incubation of membrane frac tions at 37°C for 20 min in the presence of ATP, NaCl and MgCla also revealed the low affinity binding site for 3H-nitrendipine (Fig.  2) . The KD value (1.61 nM) of the low affinity binding site for 3H-nitrendipine was close to that observed in membrane fractions prepared from morphine treated slices. Addition of GTPyS reversed the binding to the high affin ity state. Judged from our previous behavioral and biochemical studies demonstrating the incre ment of 3H-nitrendipine binding sites in ro dents given morphine repeatedly (4, 5, 10) , acute opiates should also affect calcium chan nels. However, trials to determine the effect of opioids on 3H-nitrendipine binding were unsuccessful. In the present study, we found a change in 3H-nitrendipine binding to mem brane fractions when hippocampal slices were treated with morphine before the preparation of membranes. Furthermore, low affinity bind ing sites comparable to those observed follow ing the treatment of slices with morphine were detected in membrane fractions incubated in the presence of Na, Mg and ATP. This is the procedure for the measurement of GTPase activity. Thus, recovery of high affinity 3H nitrendipine binding following the addition of GTPyS may indicate the conversion of the binding to the low affinity state by the hy drolysis of GTP. The stimulatory effect of opioids on GTPase activity has been demon strated by Koski et al. (11) . In this context, morphine stimulates GTPase activity and may convert the 3H-nitrendipine binding to the low affinity state.
It is generally accepted that GTP-binding proteins, being activated by the replacement of GDP with GTP, inhibit calcium channels. This is contradictory with the above discus sion. In the above discussion, GTP binding proteins loaded with GTP are responsible for 3H -nitrendipine binding with high affinity .
Moreover, 3H-nitrendipine binding observed with high affinity in control preparations indi cated that the GTP-binding proteins involved in morphine action is loaded with GTP. In cultured dorsal root ganglion, Dolphin and Scott (12) demonstrated the existence of GTPyS resistant L-type currents. They discuss ed the possible association of channels with activated GTP-binding proteins in the resting state. The effect of morphine observed in the present study may correlate with these GTP binding proteins and/or channels.
In the present study, morphine was effective at a relatively high concentration. In our pre vious study, 10-s -10-4 M morphine was effective on the field potentials in hippocam pal slices (4) . This was also observed in the study of Siggins et al. (6) . However, the an tagonistic effect of naloxone on morphine ac tion shown in both studies indicated an opiate effect. Therefore, morphine at the concentra tion of 10-4M, which gave the maximum effect, was employed in the present study.
In conclusion, morphine converts 3H-nitren dipine binding to a state with low affinity and may cause an inhibition of calcium influx.
